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GALILEO: FINISHING GEM AND MEETING CASSINI(?)

Torrence V. Johnson
Jet Propalsion Laboratory, Puscadena CA 91109, USA

Galileo has boen in orbit about Jupiter since December of 1995. Tt is cucrently completing the
second phase of the Galileo Extended Mission (GEM), devoted to lowering the ocbit’s periapsis to
enable close flyby s of To inthe Fall of 1999. Duringthis phase, accomplished using four successive
Callisto fiybys, the spaceccaft has been sampling the Io plasma tocus at progressively lower and
lower alritudes. ¥ the spaceccaft is still operational following the Io encoumers the Project is
proposing an extension of mission (subject to NAS A appcoval) with the goal of conducting sevecal
more satellite lybys (with Buropa, To, and two Ganymede encounters) and making obsecvarions
during the Cassini lyby in Decembec 2000. Penetcating high energy cadiation (primarily electcons
and prorons) is cucrently the majoc risk factor litniting the expected dumation of the mission. Power
and propellant reserves are believed to be sufficient to operate the spacecraft into 2001.

Thereo acre rwo major effects of radiarion which are of concern:

1.3 Intecference with spacecraft and instcumemnt electronics and sensors while in the high radi-
ation environment - Galileo successfully operated its space physics instcumenrtarion (but not the
remote sensing package) and completed the Probe relay and Jupiter ocbit insertion burn while in-
side the ocbit of 1o (5.9 Rj), receiving ~50 kcads of cadiation dose. During the primacy mission
and the ficst phase of GEM, peciapses altitudes have been typically ~9 Rj or higher, and the dose
on each periapsis pass only ~10 kcad. Radiation effects on instcurmnentation have generally been
in the range planned for, and there have only been a few suspected radiation induced problems
with instcuments oc spaceccaft systems. The remaining orbits in GEM will be moce stressful than
the bulk of the ocbital mission 1o date, but the final encountecrs with To will still be at significantly
higher altitudes than during JOI - cesuling in doses on 124 and 125 of ~33-35 krads.

2.) Long tecm degeadarion due tothe build-up of adiation damage over the course of the mission
- The effects of long term dosage build up ace hacdec to estimarte. The expected lifetime of varicus
components have 1o be estimated by individual pacts tests and analysis. The design requicement for
the prime mission was to sucvive a total dose of 150 kead. This level was ceached approximately
ar the stact of GEM, on the 1l2th ocbir, with no conficmed failucres of systems due o radiation.
The initial phase of GEM, E12-El9, added about 509% additional dosage. The only degradation
observed during this time as being likely due to radiation has been biases in the curpur of the gyro
units (which are now compensared on each orbit by software pacamertecs). To complete GEM the
spaceccaft must sucvive approximarely another 150 krad (oc one prime mission “equivalent™). If
the spacecraft is still opecational after the 25th orbit, the post GEM mission has beoen designed
to reduce fucther cadiation accumulation ducing 2000 as much as possiblo - another 100 krads in
four encounters (E26, 127, G28 and G29), bringing the mission total to ~475 krads. Thece are
numerous uncerctainties in estimates of mdiation effects, not the least of which is that the Jovian
enviconment is known to be vacriable. However, the status of the spacecmft health ar the midpoint
of GEM suggests a reasonable proability for successful completion of GEM and some post GEM

opecations.
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